Background. Fluid overload is frequent among hemodialysis (HD) patients. Dialysis therapy itself may favor sodium imbalance from sodium dialysate prescription. As on-line hemodiafiltration (OL-HDF) requires large amounts of dialysate infusion, this technique can expose to fluid accumulation in case of a positive sodium gradient between dialysate and plasma. To evaluate this risk, we have analyzed and compared the fluid status of patients treated with HD or OL-HDF in French NephroCare centers. Method. This is a cross-sectional and retrospective analysis of prevalent dialysis patients. Data were extracted from the EUCLID5 data base. Patients were split in 2 groups (HD and OL-HDF) and compared as whole group or matched patients for fluid status criteria including predialysis relative fluid overload (RelFO%) status from the BCM V R . Results. 2242 patients (age 71 years; female: 39%; vintage: 38 months; Charlson index: 6) were studied. 58% of the cohort were prescribed post-dilution OL-HDF. Comparing the HD and OL-HDF groups, there was no difference between HD and OL-HDF patients regarding the predialysis systolic BP, the interdialytic weight gain, the dialysate-plasma sodium gradient, and the predialysis RelFO%. The stepwise logistic regression did not find dialysis modality (HD or OL-HDF) associated with fluid overload or high predialysis systolic blood pressure. In OL-HDF patients, monthly average convective or weekly infusion volumes per session were not related with the presence of fluid overload.
A B S T R A C T
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Conclusions.
In this cross-sectional study we did not find association between the use of post-dilution OL-HDF and markers of fluid volume excess. Aligned dialysis fluid sodium concentrations to patient predialysis plasma sodium and regular monitoring of fluid volume status by bioimpedance spectroscopy may have been helpful to manage adequately the fluid status in both OL-HDF and HD patients.
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I N T R O D U C T I O N
End-stage kidney disease patients present with higher risk of mortality from cardiovascular (CV) disease than several chronic diseases, including malignant ones [1] . Chronic fluid overload (FO) plays a critical role in this increased CV risk in haemodialysis (HD) patients [2] . Many factors enhance the risk of sodium and fluid imbalance, including kidney disease deterioration as well as poor adhesion to a low salt diet [3] , limited accuracy of fluid status assessment by clinical examination [4] , disruption of fluid removal due to hypovolaemia and intradialytic hypotensive (IDH) episodes [5] . Furthermore, this risk may be aggravated by intradialytic positive sodium balance from sodium profiling or high dialysate sodium content [6] . High-volume post-dilution online haemodiafiltration (OL-HDF) has been shown to reduce all-cause and CV mortality in patients pooled from four randomized controlled trials (RCTs) [7] . Clinical benefits of OL-HDF on patient outcomes are dosedependent with a threshold value for the substitution volume set at 21 L/1.73 m 2 /session [8] . However, its use is far from universal. In France, in 2016, OL-HDF represented 30% of renal replacement therapy [9] . Because of the large amount of online substitution fluid used and because of the dialysate-plasma sodium gradient potentially not being adequately adjusted (e.g. relative hypotonicity of ultrafiltrate due to Gibbs-Donnan effect), there is a risk of positive sodium mass balance. In a prospective study, Locatelli et al. [10] found that patients assigned to pre-dilution haemofiltration or pre-dilution HDF had fewer IDH episodes. The hypotheses were a possible thermal effect or a positive sodium balance; this last hypothesis is supported by the fact that pre-dialysis blood pressure (BP) increased significantly from baseline in patients under predilution OL-HDF. Also, in the Turkish study comparing prospectively HD and post-dilution OL-HDF [11] , at the end of the follow-up the pre-dialysis systolic BP was significantly higher in the OL-HDF group, whereas the difference was not significant at baseline. In the three other prospective trials comparing post-dilution OL-HDF with HD, no such difference in BP was reported between the two modalities. We report here a cohort of HD patients treated either by HD or OL-HDF in which markers of fluid excess have been compared.
M A T E R I A L S A N D M E T H O D S
This is a national multicentre cross-sectional retrospective cohort study including all HD patients treated in 35 NephroCare French centres during the month of November 2017. Incident patients with <3 months from HD start and patients with prolonged hospitalizations (>2 weeks) were excluded. Patients with <3 weekly sessions were also excluded. All data regarding the patients (demographics, vascular access and Charlson index), the dialysis prescription and sessions parameters [effective treatment time, processed blood volume, effective blood flow, dialysis modality, substitution volume, sodium dialysate, preand post-dialysis body weight (BW), interdialytic weight gain and the delta between achieved and prescribed post-dialysis BW], the labs (pre-dialysis natraemia, haemoglobin, serum albumin) and fluid status [pre-dialysis systolic BP, predialysis relative FO (RelFO%) from Body Compositor Monitor (BCM V R )] were extracted from the EuCliD 5 (European Clinical database version 5) software common to all the NephroCare dialysis units in France. EuCliD 5 integrates all this information in real time from the dialysis machine 5008 V R , the lab, the BCM and the scale [12] . All the data were averaged for the month of November 2017. The included BCM data were the last recorded in the last 3 months. Plasma sodium was assessed by indirect potentiometry in all centres except two (direct potentiometry). The dialysate sodium was estimated from the dialysate conductivity continuously monitored by the dialysis machine during the session. Preventive maintenance including conductivimeter calibration is done once a year. For the analysis, graft as vascular access was grouped with native arteriovenous fistula because of the low number (36 among the overall cohort).
Patients were split into two groups according to the dialysis modality (HD or post-dilution OL-HDF). Fluid status was assessed from several parameters including monthly average of pre-dialysis systolic BP, interdialytic weight gain, ultrafiltration rate (mL/h/kg), sodium dialysate prescription and dialysateplasma sodium gradient. Pre-dialysis RelFO% status was assessed from the BCM V R in the last 3 months as described in previous studies [2, 13] . This value for one patient is the ratio in percentage of extracellular fluid excess (in litres) and her/his total extracellular fluid (in litres). The extracellular fluid excess is estimated from the database of healthy normohydrated subjects comparable according to age, gender, height and weight. A significant risk of increased mortality is associated with RelFO% when >15% in males and 13% in females.
Statistical analysis
The two groups of patients (HD and OL-HDF) were compared using non-parametric tests and analyses because of the non-normal distribution of the data. Median is given with 95% confidence interval (CI) unless specified differently. A casecontrol matching using the nearest neighbour matching algorithm without replacement was applied on four main confounding parameters (age, gender, Charlson index and vascular access) of the two groups, HD and OL-HDF, to evaluate the role of convective therapy on FO status. The calipers were set, respectively, at 3 years for age, 1 point for the Charlson index and an exact match for the two dichotomous variables (gender and vascular access). Parameters associated with RelFO% were searched with Spearman's rank correlation test from the entire cohort and for each treatment modality group. A P-value was found significant when 0.05.
To look for an association with dialysis modality and FO, we applied a stepwise logistic regression with RelFO% above the thresholds of 15% in males and 13% in females as a dependent variable in the overall cohort and after removing the self-care patients, and in the overall matched cohorts. The selected variables for the model were age, vintage, body mass index (BMI), serum albumin, Charlson index and dialysis modality (HD or OL-HDF). Variables were included if P < 0.05, removed if P > 0.1, with a classification table cut-off value at 0.5. We applied the same logistic regression analysis to investigate the association of the dialysis modality and high pre-dialysis systolic BP (>160 mmHg) adding to the variables the pre-dialysis RelFO%. We also investigated the same way the association between the convective volume and FO and high BP in OL-HDF patients. To address the possible bias by indication beyond the case-control matching, we selected a subgroup of patients excluding the self-care units not allowed by regulation to implement OL-HDF and two units not meeting the requirements to perform OL-HDF because of the water treatment system.
The MedCalc V R software (Ostend, Belgium) was used for the analysis.
R E S U L T S
In November 2017, 2674 patients were treated with HD in the 35 French NephroCare centres. One hundred and fifty-eight patients were excluded because of having started HD therapy for <3 months (incident patients). Among the 2516 prevalent patients, 1153 were prescribed HD and 1353 OL-HDF. Two hundred and seventy-eight were excluded from the analysis because of prolonged hospitalization (176 in the HD group and 99 in the OL-HDF). Three patients were excluded from both groups because of single-needle technique. Finally, among the 977 patients under HD, 104 were excluded because of <3 weekly session during the month of November 2017 leaving 873 patients on HD for analysis. In the OL-HDF, 1169 patients remained for analysis after exclusion of 85 patients for the same reason. A total of 2042 patients were included in the analysis. Distribution of patients and the flow chart of the study are shown in Figure 1 .
Patient characteristics in the overall cohort are displayed in Table 1 . All patients including those not in OL-HDF were under high-flux membrane. Patients under post-dilution OL-HDF represented 57% of the cohort with a median convective volume of 26 L/session. When compared with HD patients, OL-HDF patients were older, with significantly higher BMI, more recent patients on dialysis (between 3 and 6 months), more catheters as vascular access, lower vintage, more diabetes, higher Charlson index and lower haemoglobin. The explanation relies on the fact that according to health care authorities and national regulation, convective therapies are not allowed in self-care HD units. Weekly effective treatment time was lower in OL-HDF patients (713 versus 720 min), whereas the online KT/V was higher under OL-HDF. Sodium dialysate and plasma sodium were not different. After matching (694 pairs, Table 1 ), age, comorbidities and vascular access were no longer different, whereas vintage (lower in OL-HDF), haemoglobin (lower in OL-HDF) and BMI (higher in OL-HDF) remained different. Dialysate sodium distribution was significantly wider in HD patients. Treatment time (lower in OL-HDF) and online KT/V (higher in OL-HDF) were also different as before matching.
In Table 2 , the parameters related to FO in the two groups, HD and OL-HDF are presented. There was no difference between HD and OL-HDF patients regarding the pre-dialysis systolic BP, the interdialytic weight gain, the delta between achieved and prescribed post-dialysis BW, the dialysate sodium concentration, the dialysate-plasma sodium gradient, and the pre-and post-dialysis RelFO%. In the matched cohort, no difference was found on selected fluid status parameters ( Table 2 ). In Figure 2 , the proportion of male and female patients above the BCM V R criterion of FO in both the overall cohort and in the matched cohort is reported. No difference was found between HD and OL-HDF.
Factors associated with the fluid status (RelFO%) were analysed using the Spearman's rank correlations in both HD and OL-HDF patients. Results are reported in Table 3 . Age, vintage, BMI, Charlson index, fluid removal rate, serum albumin and pre-dialysis systolic BP were found significantly related to RelFO% in both HD-and OL-HDF-treated patients but not the dialysate-plasma sodium gradient. The processed blood volume was significantly associated with RelFO% only in HD patients. In OL-HDF patient, the convective volume and the weekly infusion volume (a key performance indicator in the NephroCare quality control; data not shown) were significantly and positively correlated with RelFO%. To explore the variables associated with FO as defined by the BCM V R (RelFO% !13% in females and !15% in males), stepwise logistic regressions were run according to the gender and its own relative threshold. The results of the first analysis are displayed in Table 4 . The dialysis modality (HD or OL-HDF) was not associated with FO. We also investigated with stepwise logistic regression if the dialysis modality was associated with pre-dialysis high systolic BP (>160 mmHg). Again, the dialysis modality was not associated with high BP (Table 5 ). Moreover, in OL-HDF patients, monthly average convective volume per session or weekly infusion volume were not related to the presence of FO and to pre-dialysis high BP (>160 mmHg; data not shown).
As self-care HD units were part of the overall cohort, while it is not permitted to implement OL-HDF for regulatory reasons, we ran the same analysis excluding 18 exclusively self-care units, leaving 1711 patients for analysis in 17 units in which both modalities were available. The same analyses were run as in the overall cohort. In this new cohort and opposite to the overall one, HD and OL-HDF patients did not significantly differ for age, vintage, the percentage of catheters as vascular access and for Charlson index (Supplementary data, Table S1B ). After matching, BMI remained significantly higher in OL-HDF patients, as well as ionic clearance KT/V, and haemoglobin. After matching, dialysate sodium became significantly different for OL-HDF due to narrower distribution (Supplementary data, Table S1B ). In Supplementary data, Figure S2B , there is no À1 (À4 to 1) À2 (À4 to 1) À2 (À3 to 0) À1 (À4 to 1) Fluid removal rate (mL/h/kg) 8 Table S2B ), there was no difference between HD and OL-HDF except for pre-dialysis systolic BP (138 versus 143 mmHg). This difference was not confirmed after matching. Dialysate sodium was significantly different between groups before and after matching related to narrower distribution. Supplementary data, Table S3B presents the Spearman correlations between pre-dialysis RelFO% and number of parameters. As in the overall cohort, the convective volume was associated with RelFO% (r ¼ 0.12, P ¼ 0.0001) but not with the dialysate-plasma sodium gradient. Supplementary data, Tables S4B and S5B show the stepwise logistic regression analyses for RelFO% thresholds of FO according to gender and for high pre-dialysis systolic BP. The dialysis modality was not associated with these markers of fluid accumulation. Also, the monthly average convective volume or the weekly infusion volume was not associated with FO nor with high pre-dialysis systolic BP (data not shown).
D I S C U S S I O N
This multicentre cross-sectional study involving a large cohort of HD patients delivers several important findings. First, HD and OL-HDF patients did not show difference in the usual clinical parameters evaluating FO (pre-dialysis systolic BP, interdialytic weight, delta between prescribed and achieved post-dialysis BW). Secondly, FO assessed with multi-frequency bioimpedance was not different between HD and OL-HDF. To our knowledge, this study is the first one to compare this objective assessment of fluid balance between standard and convective therapies. Thirdly, from different statistical analyses, we did not find a significant association between the dialysis modality (standard or convective) and objectively assessed FO or pre-dialysis high BP. This is in line with the results of the European pooling project agglomerating the four main RCTs that have identified a significant reduction of CV mortality with postdilution OL-HDF [7] . This study tends to confirm that the infusion of large substitution volume produced online from dialysis fluid is not associated with sodium imbalance and risk of FO. Pre-dialysis BP in OL-HDF-treated patients did not differ from that of the HDtreated group before or after the case-control matching in the overall cohort. After removing patients treated in self-care dialysis units, pre-dialysis systolic BP was higher in OL-HDF than in HD patients. However, this difference disappeared after matching. Our data are in line with the CONTRAST, ESHOL (Estudio de Supervivencia de Hemodiafiltración On-Line) and Frenchie studies [8, 14, 15] and opposite to the Turkish [11] and the Italian study [10] . Higher BP findings of the latter two studies are not easy to explain because they were not confirmed in the more recent studies [8, 15] in which the convective volume was kept at a much higher volume. However, the Italian study included patients under pre-dilution haemofiltration and HDF with much higher convective volume compared with post-dilution technique, respectively, at 60.4 and 39.9 L (26.1 L in our study). This might have played a role in the higher predialysis BP level. In the Turkish study, the pre-dialysis BP level was lower than in the other trials (126 and 129 mmHg in HD and OL-HDF, respectively). The data are issued from an area in which volume control, low salt diet and BP control have been emphasized for a long time [16] . Therefore, the clinical impact of this slight difference at such an unusual low level of pre-dialysis systolic BP is unknown. Moreover, we looked at a possible role of sodium dialysate content in these cohorts. When high tonicity is induced from a positive sodium dialysate-plasma gradient, there is a significant association with the interdialytic weight gain [17] . In our study, interdialytic weight gain was not different between HD and OL-HDF before and after the casecontrol matching. The dialysate sodium concentration prescribed was not different between the two groups. Only in the pair-matched cohort excluding self-care patients was a significant difference on sodium dialysate content found, whereas the medians were comparable (140). The difference came from the fact that in one large unit OL-HDF prevalence is low and dialysate sodium is mainly prescribed at 138 mmol/L. We estimate that the impact of this finding is limited because the dialysate sodium concentration prescription remained in relatively close range of plasma sodium concentration with a low dialysateplasma sodium gradient. This observation is important since, due to the Donnan effects on ultrafiltrate, a limited dialysateplasma sodium gradient may play a role in the absence of positive sodium balance even under high infusion volume. Also in a recent cross-over study by La Milia et al. [18] , in 47 HD patients, the sodium removal and the plasma tonicity during the dialysis session were equivalent between the two dialysis modalities. Also, we have been able to use the routine data of fluid assessment implemented in the NephroCare dialysis units. This is a direct and objective assessment of fluid status based on the multi-frequency bioimpedance spectroscopy. This quality control approach may also play a role in the absence of fluid excess in these patients as the nephrologists have an objective tool to quantify fluid volume excess. Few reports have used multi-frequency bioimpedance to evaluate OL-HDF patients. Recently, in a small cohort, Molina et al. [19] evaluated the switch from HD to OL-HDF and used BCM V R for nutrition evaluation. During the follow-up, pre-dialysis FO remained stable all through the follow-up. However, in the Molina study, no normalization of fluid excess to total extracellular fluid was applied in our study. The switch from HD to OL-HDF did not affect significantly the absolute value of fluid excess during the 1-year follow-up from patients who had remained on standard HDF. Last but not least, we found a weak but significant correlation between the convective volume and the relative hydration status. This could suggest that the higher the convective volume, the higher the risk of FO by sodium imbalance. This was strengthened by the same association with the weekly infusion volume. However, the logistic regression analyses did not confirm the association between OL-HDF and FO, between OL-HDF and high pre-dialysis BP, neither the association of the convective volume nor infusion volume with the FO from the BCM V R or the high pre-dialysis BP. The strengths of our study are the large number of the patients in this French cohort and the routine use of BCM V R providing objective data of fluid status. The limitations are several such as the cross-sectional nature of this cohort analysis and the obvious bias of OL-HDF prescription as restricted to in-centre facilities in which elderly and more comorbid patients are treated. The case-control matching was our first response to this bias. Secondly, excluding the units dedicated only to self-care dialysis had no impact on the results that were comparable in pairmatched patients. Moreover, as residual renal function is not routinely assessed in French NephroCare centres, we could not adjust our result on this specific variable. It is important because patients with significant diuresis have lower interdialytic weight gain and this may impact the fluid status. The vintage was significantly lower in OL-HDF-treated patients in the overall cohort, even after matching. This could suggest that OL-HDF patients had a more important residual diuresis and could be less prone to FO. However, the proportion of new patients with vintage between 3 and 6 months was not different, and vintage was the same after removing the patients treated in self-care dialysis units without changing the findings of the overall cohort. Also, as glycaemia was not available in the routine lab analysis, the sodium gradient data must be interpreted with caution as there were significantly more diabetic patients in the OL-HDF group. Last but not least, data on IDH episodes and nurse intervention were not available and are not reported here. However, this was out of the scope of our study as better haemodynamic tolerance with OL-HDF is now recognized from several RCTs [8, 10, 15] .
C O N C L U S I O N S
Our findings support the absence of hazards of post-dilution OL-HDF on sodium and fluid balance. This is in line with the CV protective effect of OL-HDF reported from the European pooling project of RCTs [7] . Both prescription of dialysate sodium aligned with patient pre-dialysis plasma sodium and the availability of regular bioimpedance measurement are helpful to manage adequately both OL-HDF and HD patients.
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